labeled triglycerides, 3) the in vitro uptake of these endogenously formed triglycerides by adipose tissue, 4) the possible influence of the liver on peripheral tissue uptake of endogenous triglycerides, 5) the rate of oxidation of the endogenous circulating triglycerides, and 6) the transformation of radioactive palmitate to other fatty acids in the process of ester formation.
Methods
Triglyceride-C1' lipoprotein was obtained by injecting 50 to 80 i'c of albumin-bound palmitic acid-l-C" 1 into the jugular vein of fed rats anesthetized with pentobarbital. The rats had been previously maintained on a Purina laboratory chow containing 3.95 to 4.12% fat. The albumin-bound radioactive palmitate was prepared as previously described (9) ; the 1-ml volume injected contained 10%o by weight of human albumin. Thirty minutes later blood was aspirated from the abdominal aorta through a 20-gauge needle. A maximal amount of blood was obtained by injecting 5 to 10 ml of physiological saline through the needle after the first withdrawal. This maneuver immediately restored respiration and circulatory integrity and permitted more complete exsanguination. The serum obtained, which contained 1 to 3%o cholesterol ester and phospholipid activity, was layered under saline (D 1.006) and centrifuged for 30 minutes at 105,000 X g. The top centimeter of the saline layer was removed with a tube slicer to eliminate chylomicrons and extremely low density particles. The infranatant fluid was then adjusted to D 1.063 with saturated sodium chloride solution of known density and centrifuged for 18 to 20 hours at 105,000 X g in the 40 rotor of the Model L Spinco preparative ultracentrifuge (10) . The lipoprotein layer was removed with a tube slicer, stored in the refrigerator, and used within 4 days. The activity of each batch was determined. Contamination by C"02 or C1' bicarbonate in the lipoprotein solution was determined by methods previously described (11) and was found to represent 0.3% of the total activity, which was 1 Obtained from New England Nuclear Corp., Boston, Mass. SA, 12 to 20 mc per mmole. Methyl ester prepared in this laboratory produced a single mass peak by gas chromatography; in this peak 95 to 100%o of radioactivity was recovered. 129 considered negligible. The amount of material obtained f rom two large rats (0.6 to 1.6 juc) was sufficient to carry out two or three reinjection studies.
The lipoprotein pattern of the C4 triglycerides in the serum obtained from rats given radioactive palmitate was determined by starch block electrophoresis and by ultracentrifugation.
Starch block electrophoresis was carried out by the method of Kunkel and Trautman (12) using barbital buffer at pH 8.6 and 0.05 ionic strength. The starch was washed with at least 4 vol of buffer. Four ml of serum was applied to large blocks and run for 24 hours at 4°C with a constant current of 20 ma. In some cases the serum was prestained with 20% by volume of 1% Sudan black solution in ethylene glycol. (One-tenth g Sudan black B was dissolved in 1 ml ethyl acetate. Nine ml propoylene glycol was then added and the solution was centrifuged.) Stained serum was sometimes run alongside unstained serum on the same block; human serum was also used for comparison. Migration of albumin was visually followed with an ultraviolet lamp. The prestaining procedure did not interfere with migration. At the conclusion of electrophoresis, the blocks were cut into 5-mm wide and approximately 1-cm high segments and put into test tubes. Four ml of physiological saline was added, and the proteins were eluted by stirring with a Vortex mixer. Proteins were determined by the method of Lowry, Rosebrough, Farr, and Randall (13), phospholipids by a modification of the micromethod of Bartlett (14) , and cholesterol by the technique of Searcy, Bergquist, and Jung (15) . Since the radioactive rat serum used for reinjection also contained human albumin, which migrates at a different rate, the chemical determinations were also performed on ordinary rat serum.
Radioactivity peaks were located on smaller starch blocks to which 0.2 ml radioactive rat serum was applied. The blocks were cut into small segments and eluted with 3 ml saline as above. Activity was determined by drying 0.5-ml samples in scintillation vials. Two ml 0.5 M Hyamine 1OX solution was added. After 6 hours, 4 ml ethanol and 12 ml phosphor solution were added and the samples were counted. Other samples were used for protein determination.
The ultracentrifugal pattern of the radioactive lipoproteins was obtained as follows. (17) . I131 samples were counted in a Packard autogamma counter.
In several animals, injection of label was preceded by performance of a functional hepatectomy according to a procedure described by Borgstrdm and Olivecrona in which the superior mesenteric artery and then the vessels of the porta hepatis are ligated (5) .
Various organs and tissues were removed as rapidly as possible, then weighed and extracted by grinding in 20 vol of cold chloroform: methanol (2: 1, vol: vol). Muscle was obtained from the thigh and adipose tissue from the perinephric region. The extracts were washed with a 40% vol of 2% KH2PO, and dried on a rotary evaporator. The dried extracts were then brought to volume with ligroin in 10-or 25-ml volumetric flasks, and a sample was taken for silicic acid chromatography. In general the lipids were separated into phospholipids and into a fraction eluted with ethyl ether containing glycerides, FFA, cholesterol, and cholesterol esters. For our purpose it was not advantageous or practical to separate the ethyl ether fraction into all its components except in a few instances. The ethyl ether fraction always contained a small amount of activity in the FFA, and, as will be seen under Results, very little activity appeared in cholesterol esters. Samples were counted in a Packard Tri-Carb liquid scintillation spectrometer, and an internal standard of either Cal benzoic acid or C1" toluene was used to measure the absolute activity of the samples. A correction was made for the activity in blood remaining in the various tissues.
Excretion of C14O, was measured by putting the anesthetized animal in a jar through which oxygen from a tank was passed. The effluent gas was led through a dry ice and acetone trap to remove water vapor and then bubbled through 5 ml of 0.5 M hydroxide of Hyamine 1OX in a 10-ml graduated cylinder. Two ml of the Hyamine solution was added to 15 ml of phosphor for liquid scintillation counting.
In a study designed to evaluate the uptake of lipoprotein triglycerides in vitro, epididymal fat pads of rats were incubated in 5% CO2 and air in Krebs-Ringer bicarbonate buffer at pH 7.4. The hypertonicity of the radioactive solution was reduced by diluting fivefold with buffer. Incubation was carried out for 5 hours at 370. The uptake of radioactivity was compared with that of fat pad immersed for a few seconds in boiling water. The specific activity of the triglycerides in the incubation mixture was 208,000 dpm per mg.
Estimates of the total radioactivity in serum, muscle, and adipose tissue were based on published values for the relative proportions of these tissues in rats of various weights and ages (18) . Adipose tissue was taken as 5.6%, muscle as 45.5%, and plasma volume as 3.5% of body weight.
To evaluate whether or not fatty acid residues of esters formed had undergone transformation to other fatty acids, the liver lipids of animals that had received palmitic acid-i-C1' 30 minutes previously were examined by gas liquid chromatography. Chloroform methanol liver lipid extracts were transferred to 25-ml culture tubes that had screw caps fitted with polytetrafluoroethylene (Teflon) liners. About 10 ml of methanol containing 2%o sulfuric acid was added. The tubes were tightly closed and the lipids transmethylated in a heating block at 800 C for 4 hours. The methyl esters were extracted with petroleum ether after 5 ml of water was added to the mixture. The petroleum ether extract was then dried with a stream of nitrogen, and a few drops of benzene were added. The methyl esters were kept in frozen benzene.
Gas liquid chromatography was carried out with a gas chromatograph 2 using a katharometer detector and an eight foot stainless steel column, i.d., i inch, packed with 20%o by weight ethylene glycol succinate coated on Chromosorb W.3 A stream splitter was not used. Fractions were collected with a fraction collector. 4 The cartridges were packed loosely with glass wool instead of the anthracene supplied. Recovery in this system was excellent as long as the silicone rubber gasket that seals the nozzle of the changer onto the cartridges remained soft. A good seal was assured by frequent changing of the gasket and application of extra manual pressure to the nozzle. Better than 95% recovery of standard methyl palmitate C1' was obtained in ten consecutive runs with this system. Background was 20 cpm. After collection of fractions, the cartridges were placed in scintillation vials, and 15 ml phosphor solution was forced through the cartridge with a 50-ml syringe fitted with a 1-cm 20- Location of radioactivity in relation to serum proteins in starch block electrophoresis of rat serum from rat given human albumin-bound C1 palmitate iv 30 minutes previously. Large protein peak represents mixture of human and rat albumin. Starch block electrophoresis revealed that radioactivity was concentrated in a single peak that migrated faster than albumin and corresponded to a band heavily stained with Sudan black ( Figure  1 ). The same area contained phospholipid and cholesterol peaks (Figure 2 ). There was considerable trailing of cholesterol and radioactivity from the origin, but there were no other distinct peaks, in contrast to human serum in which three lipoprotein bands were observed. Uptake of triglycerides by liver. Injected lipoprotein triglycerides were taken up rapidly by liver (Table II) By the end of 60 and 120 minutes, considerable activity could still be found in some cases, but in others, it had declined to as low as 1.3% of injected label. One liver contained 25.7% of injected label after 120 minutes. Phospholipid content was also quite variable but in general represented a larger proportion of liver lipid activity at 2 hours.
Gas liquid chromatography of methyl esters of liver lipids showed that 2.7% of radioactivity was found in stearate and 1.08% in oleate. Less than 1%o of activity was found in myristate ( Figure 3 (Table IV) (Table V) .
The amount of label found in muscle ranged from 2.5 to 15.4% of injected label (Table VI) . Ten of fourteen determinations were found to range from 6.3 to 15.4%. The low values were administered label to the liver was greatly reduced by occluding the circulation to this organ, the uptake of lipoprotein triglycerides by adipose tissue and muscle was not inhibited. Under these circumstances some activity could still be found in the liver, but the quantity was reduced to about 2% of administered label. Formation of phospholipids proceeded in the various tissues to the same extent as in the intact rats (Table VIII) . Uptake of lipoprotein triglycerides by epididymal fat pad in vitro. The ability of adipose tissue to take up lipoprotein triglycerides directly was evaluated by incubating the latter with rat epididymal fat pads in Krebs-Ringer bicarbonate buffer at pH 7.4 in an atmosphere of air and 5% CO2. Five per cent of the label in the medium was taken up after 5 hours, and fat pad boiled for 30 seconds was inactive (Figure 4 ). Whereas 3%o of the label in the incubation medium consisted of phospholipid activity, 10%o of the label in the fat pads was found in the phospholipid fraction. We calculated that fat pad was able to take up about 1.3 mg of triglyceride per gram of adipose tissue in 5 hours under the conditions of the study.
Oxidation. Excretion of C1402 after iv administration of lipoprotein triglyceride C14 reached a maximum in 30 to 45 minutes and remained con- Although the methyl esters prepared from the radioactive palmitate gave a single peak, the small amount of label found in other fatty acids might well represent impurities present in the original material.
Finally, uptake of lipoprotein triglyceride by isolated epididymal fat pad was demonstrated. This observation also suggests that no further interconversions are needed for such uptake to occur, although hydrolysis of lipoprotein glycerides in the medium could not be ruled out. Note also that phospholipid activity was three times higher in the adipose tissue than in the medium.
Summary
The tissue distribution of endogenously produced lipoprotein triglyceride was studied in rats maintained on ordinary laboratory pellet diets.
At least 95%o of endogenous circulating triglycerides synthesized from circulating FFA are found in lipoproteins of density < 1.019, with the predominant fraction having a density less than 1.006. Triglyceride activity equilibrated rapidly with liver. Triglycerides re-entered adipose tissue and were taken up by skeletal muscle. Incorporation into phospholipid fatty acid was active in muscle and liver but less so in adipose tissue. Transformation of palmitate to other fatty acids in the formation of triglyceride fatty acid was minimal. The liver performed no essential role in relation to uptake of triglyceride by adipose tissue or muscle. Endogenous formation of lipoprotein triglyceride may be a mechanism for redeposition in adipose tissue of excess circulating free fatty acids.
